Abstract A longitudinal study of chimpanzee infants at Tama Zoo in Japan revealed a relationship between the mother's rearing behavior and the exploratory behavior of the offspring. We observed 8 chimpanzees (born since 1999) for the first 36 months of their lives. We compared their motor development, tool use, and separation from their mothers. Nervous mothers tended to spend time away from the social group, isolating their infant at an early stage and making them more cautious about being away from their mother. Developmental diversities in social, physical and cognitive abilities were also observed. Some were early developers in general, while others were early in social and physical aspects but late in cognitive development, while some were slow in general. Further data is needed for a more detailed analysis. Life at the zoo is different from life in the wild, but observing young zoo animals allows us to gain developmental data that would be more difficult to obtain in the wild.
When I was a graduate student, I had an opportunity to visit Tama Zoo with Professor Okano to see Sachiko, the chimpanzee. He and his family had lived with her when she was an infant for a year and a half for research purposes. He observed her from a distance, so that she wouldn't see him. As he noticed that she came into estrus, he mentioned quietly that even if she gives birth, she would never be able to raise them. Sachiko's difficulty in having babies was a bitter lesson for the Okano family (Okano, 1986) . I still remember the tone of his voice clearly, even though I did not fully understand the meaning of it.
At that time, I did not realize that this was the beginning of my longitudinal observational study of chimpanzees at Tama. Eighteen years later, in 2000, I started my observations at Tama Zoo. I kept the work simple for the sake of ease of continuity. I recorded approximately 90 minutes of video of the exhibit area every month, focusing on the young chimpanzees. This way, I did not have to negotiate with the zookeepers over the schedule, ethical issues, or the cost and the labor of keeping the animals. My colleagues joined me and we have collected data since then. The only time we skipped the observation was on March 2011, right after the 3.11 earthquake, when the zoo was closed. Lonsdorf, Anderson, Stanton, Shender, Heintz, Goodall, & Murray, 2014; Matsuzawa, Humle, & Sugiyama, 2011; Plooiji 1984; van Lawick-Goodall 1968) . Recently, zoos became a popular field for this type of studies. Life at a zoo is different from the wild, but observing zoo animal allows us to obtain data closely and constantly (Nakamichi, Silldorff, Bringham, & Sexton, 2004) .
Tama Zoological Park (Tokyo, Japan) maintains a social group of approximately 20 chimpanzees (male and female adults and children). Keepers have been very innovative in looking after their chimpanzees. Tama was the first zoo to introduce the artificial termite fishing hills and nut-cracking gadgets (Kakinuma, Mori, Hatakeyama, Tsuchida, & Nose, 2010) . Tama serves as a good field to observe the mother-child relationship as well as infant development (Yoshida, Norikoshi, Kohsi, Kitahara, & Takahashi, 1987) .
It is well known that for some reasons, captive chimpanzees have difficulties raising offspring (Bard 1995) . Approximately a third of captive chimpanzees have difficulties raising offspring in Japan (Kakinuma, Hatakeyama, Tsuchida, & Uemura, 2007) . Sachiko was no exception.
Surprisingly, for the last 15 years or so Tama Zoo has been very successful in child rearing. Since 1999, a total of 9 chimpanzees (4 males, 5 females) have been born and registered in the GAIN network. Only one infant was abandoned by its mother, and even the abandoned individual joined the social group at age 2 (Kakinuma, Hatakeyama, Tsuchida, & Nose, 2013) . This suggests that the zookeepers have been doing a good job in maintaining the environment for chimpanzees to give birth and raise their offspring. The zoo might be different from the wild, but our data may help us to understand some of the basic patterns in the early stages of mother-child interactions and social development.
Method
Subjects: Eight chimpanzees born at Tama Zoological Park, Tokyo, Japan (Table 1) . A total of 6 Mothers gave birth and raised their babies (Table 2) .
Observation
Target chimpanzees were recorded once a month at the exhibit area for 60-120 minutes, starting April 2000. As of June 2015, we had 201 hours of recordings. The cut-off age for the observation is set at 36 months. The 
Coding
Mother's rearing behavior was divided into "relaxed" and "nervous," based on a previous study (Kakinuma, Hamano, & Hatakeyama, 2003) . Researchers considered where the mothers stayed during the day, how much physical contact they had, and whether the mothers allowed their infants to explore or not.
Infant behavior was coded in the first instance certain behavior was observed. An example of behavior related to motor development is "hanging on ropes," which is one of the earlier and basic activities. Separation from the mother was measured by: 1) playing while physically separated from the mother; and 2) spending time in a secluded infant area (kids room) (Fig. 1 ). Both these separation behaviors depend on the infant's willingness to be physically apart from its mother.
Social development is measured when the infant was seen being carried by others (Fig. 2) . This development involves three factors: the mother's permission, the infant's willingness, and also social interaction with other chimpanzees. Tool-use behaviors (juice fishing) were recorded as one of the measures of cognitive development. (Fig. 3) .
Results
"Nervous" mothers (i.e., Pine and Sazae) spent more time away from the group, and frequented locations such as the periphery of the exhibit space or a small space 15 meters above the ground. Nervous mothers kept the infant very close and limited its exploratory behavior either by retrieving the infant or secluding the infant by spending most of the time in a high and remote area. "Relaxed" mothers (i.e., Cherry and Momoko) spent more time in the central area, interacted with others, allowed others to touch the infant, and allowed the infant to explore.
Infant development: While the onset of tool use (juice fishing) was at around 30 months, individual differences were observed in other categories (Fig. 4) . Infants with relaxed mothers (Bonbon and Mikan) played in the "kid's room" 1-2 years earlier than (Fig. 5) . The average development of male and female are shown on Fig. 6 . There were 5 to 10 months differences between early (Mikan) and late (Anna) developers (Fig. 7 ). Both were 1st-born, and mothers (Momoko and Marina, respectively) came from other zoos.
Discussion
In terms of coded behavior, the mother's experience in child rearing did not make much of differences on infant development; however, her rearing behavior (whether she was a relaxed or a nervous mother) seemed to be more important. Nervous mothers, who are also low-ranking, tend to stay away from others, while relaxed mothers tend to spend more time in the central areas of the ground. As a result, youngsters of nervous mothers spend more time away from others and gain less experience in exploration during their first 12 months. At 18 months, the activity level (both social and physical) of this type of child was lower, compared to the children of relaxed mothers (Kakinuma, Hamano, Hatakeyama, Ando, & Tsuchida, 2006) . It took these youngsters much longer to go into the kid's room to play. It seems that the way they were raised influences their development.
One of the daughters of nervous mother, Miru, gave birth at age 10. She was able to nurse the baby and was taking good care of it, but the baby died two days later of unknown causes. We need to wait several more years to see how maternal styles affect the maternal behaviors of the next generation.
In terms of tool use, all of the young chimpanzees "fished." They acquired the skill at about the same age, despite the fact some showed an earlier interest than others. The skill acquisition age may be related to the physical and social environment. Infant chimpanzees at Kyoto University learned to fish honey at around 21 months (Hirata, S., & Celli, M. L. 2003) , but at Tama the average age of skill acquisition is 30 months. The fishing system is different between two institutions and the learning opportunities may had been different as well.
Since the number of chimpanzees was limited, it was difficult to determine the effect of sex on their development. Data from the wild, that is male chimpanzees playing actively , or mothers of male infants are more gregarious (Murray, Lonsdorf, Stanton, Wellens, Miller, Goodall, & Pusey, 2014 ) suggest what we see here, mothers of male infants letting them join the social group earlier than female infants, is in congruent with the wild observation. There were some differences in the development of Mikan and Anna. Both of them were first-borns with relaxed mothers. Even compared with her younger brother, Anna is a much slower developer. As she lives in captive environment, this delay is not critical, but it might have some effect on survival rates in the wild.
Life at the zoo is different from the wild in many aspects. The animals are kept in a secluded area, food is provided and so on. Nevertheless, the situation may not be as different as it first seems. Some of the basic behaviors of infants such as early motor development or social interactions or the development of tool use coincide with behaviors in the wild (Kakinuma, Mori, Hatakeyama, et al. 2006) . Observing captive chimpanzees in a social group allows us to obtain data closely and constantly. Accumulating data on sex differences, birth order effects, child-rearing experiences and others factors, and combined with data from freeranging chimpanzees may allow us to draw a general picture of their development.
In 2000, when I started my observation, of the 88 presentations at the Animal Psychology Conference, none were based on zoo animals. When Animal 2011 was held at Keio University, of the 265 presentations, 18 were based on zoo animals. The environment and the welfare of zoos and zoo animals are improving rapidly. Babies make better subjects than adults because they are new to the environment, and their behavior is less restricted by captivity. Compared with experimental studies, observational studies at zoos are easy to initiate since they do not cost so much, require less paper work to gain research permission and involve no daily chores of taking care of the animals. I hope the young researchers will make full use of these advantages.
